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DETD . . . converted to the active metabolite which kills the 
tumor. Examples of such enzyme-prodrug binding partners 
are I antibody-carboxypeptidase G2 and topoisomerase- 
inhibiting prodrug CPT-11; beta-lactamase and 
cephalosporin-doxorubicin; alkaline phosphatase and 
etoposide phosphate; carboxypeptidase G2 and glutamic 
acid derivative of benzoic acid mustard; and beta- 
glucuronidase and the glucuronide. 

5,525,338, herein incorporated in its entirety by 
reference, discloses the use of secondary targeted 
antibodies within pretargeting protocols. In this 
embodiment, the use of biotin-avidin recognition is 
supplemented by antibody (3) recognition of the same or a 
different epitope on the. 
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DETD . . . (TELCYTATM) ; 

acetogenins (especially bullatacin and bullatacinone) ; delta 
tetrahydrocannabinol (dronabinol, MARINOLO) ; 

beta-lapachone; lapachol; colchicines; betulinic acid; a camptothecin 
(including the synthetic analogue 
topotecan (HYCAMTINID) , CPT-11 (irinotecan, 
CAMPTOSARO) , acetylcamptothecin, scopolectin, and 9- 
aminocamptothecin) ; bryostatin; callystatin; CC-1065 (including its 
adozele'sin, carzelesin and bizelesin 

synthetic analogues) ; podophyllotoxin; podophyllinic acid; teniposide; 



to a cytotoxic polypeptide. Other insertional variants of the antibody 
molecule include the fusion to the N- or C-terminus of the 
antibody to an enzyme (e.g. for ADEPT) or a ' 

polypeptide which increases the serum half-life of the antibody. 
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DETD Structure-Based Classes 

1 . Fluoropyrimidines 

2. Pyrimidine Nucleosides 

3. Purines 

4 . Platinum Analogues 

5 . Anthracyclines/Anthracenediones 

6 . Podophyllotoxins 

7 . Camptothecins 

B. Hormones and Hormonal Analogues 

9. Enzymes, Proteins and Antibodies 

10. Vinca Alkaloids 

11. Taxanes 

Mechanism-Based Classes 

1. Antihormonals 

2. Antifolates 
4 

. Antimicrotubule Agents 

4. Alkylating Agents (Classical and Non-Classical) 

5 . Antimetabolites 

6. Antibiotics 

7 . Topoisomerase Inhibitors 

8. Antivirals 

9. Miscellaneous Cytotoxic. 
103; 

8. Hormones and Hormonal Analogues- Diethylstilbestrol , 
Tamoxifen, Toremefine, Tolmudex, Thymitaq, Flutamide, 
Bicalutamide, Finasteride, Estradiol, Trioxifene, 
Droloxifene, Medroxyprogesterone Acetate, Megesterol Acetate, 
Aminoglutethimide, Testolactone and others; 

9. Enzymes, Proteins and Antibodies- Asparaginase, 
Interleukins, Interferons, Leuprolide, Pegaspargase, and 
others; 

10. Vinca Alkaloids- Vincristine, Vinblastine, 
Vinorelbine, Vindesine; 

11. Taxanes- Paclitaxel, Docetaxel, and others, 
since this discovery to 

developing water soluble camptothecin derivatives which 
remained in their active lactone form. Along these lines, the 
25 

recently approved Irinotecan (CPT-11) and Topotecan 



were 

developed. Irinotecan is a water soluble prodrug of the 
highly active, highly lipophilic derivative of CPT known as 
SN38 (10-hydroxy. 
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DETD CPT-11 (irinotecan, 7-ethyl [ 4- (1-piperidino) 

piperidinolcarbonyloxycamptothecin) is a prodrug currently 
under investigation for the treatment of cancer that is 
converted to the active drug. 

5 49:5077-5082). The specific enzyme responsible for activation 
in vivo of CPT-11 has not been identified, although 
serum or 

liver homogenates from several mammalian species have been 

shown to contain activities that convert CPT-11 to 

SN-38 

(Tsuji, T. et al. 1991. J. Pharmacobiol . D_ynamics 14:341-349; 
Senter, P.D. et al. 1996. Cancer Res. 56:1471-1474; Satoh, T. 

In fact, SN-38 can be detected in the plasma of animals and 
humans minutes after the administration of CPT-11 
(Stewart, 

CF. et al. 1997. Cancer Chemother. Pharmacol. 40:259-265; 
Kaneda, N. et al . 1990. Cancer Res. 50:1715-1720; Rowinsky, 
E.K. et al. 1994. Cancer. 

of this class of enzymes has 

yet to be identified. A recent biochemical analysis of 13 CEs 

compared their ability to metabolize CPT-11 to SN 

While 

the efficiency of conversion varied between enzymes, those 
isolated from rodents were the most efficient (Satoh, T. et 
al. 1994.. . . 

EMBL databases, including a rat serum and 

rat liver microsomal CE . Interestingly, CEs purified from 
human tissues demonstrated the least efficient conversion of 

CPT-11 to SN-38, with less than 5% of the prodrug 
being 

5 converted to active drug (Leinweber, F.J. 1987. Drug Metab. 

In addition to metabolism to SN-38, in humans CPT-11 
is 

also metabolized to a compound known as APC (Haaz, M.C. et al. 

In preclinical studies, CPT-11 administered to 
immune- 
deprived mice bearing human tumor xenografts produces complete 
regression of glioblastomas, rhabdomyosarcomas (RMS)j, 
neuroblastomas, and colon adenocarcinomas (Houghton, P.J. et 
al. 1995. Cancer Chemother. Pharmacol. 36:393-403; Houghton, 
P.J.. et al. 1993. Cancer Res. 53:2823-2829). However, 
maintenance of tumor regression in studies with CPT-11 
appears 

to be dependent upon drug scheduling, suggesting that viable 
tumor cells survive therapy (i.e.,, minimal residual disease 
(MRD) ) . These studies also showed a steep dose-response 
relationship between dose of drug administered and induction 
of tumor regression. For example, 20 mg of CPT-11 
/kg/day 

given daily for 5 days for two weeks produced complete 
regressions of Rhl8 RMS xenografts, while 10 mg/kg/day given 
on the same schedule. 



Similar effects were seen when mice bearing SJGC3A colon 
adenocarcinoma xenografts were treated with 40 mg CPT- 
11/kg 

compared to a 20 mg/kg dose. 

Early clinical trials with CPT-11 indicate that the 
prodrug also has anti-tumor activity in vivo against many 
different types of solid tumors in humans. However, 
myelosuppression and secretory. 

present invention", polynucleotides encoding a 
carboxylesterase enzyme or active fragments thereof and 
polypeptides encoded thereby which are capable of metabolizing 
the chemotherapeutic prodrug CPT-11 and its inactive 
metabolite APC to active drug SN-38 are disclosed. Use of 
this enzyme in combination with APC renders this inactive 
metabolite. . . invention and a disease-specific responsive 
promoter can be delivered to selected tumor cells to sensitize 
the tumor cells to the chemotherapeutic prodrug CPT-11 

r 

30 thereby inhibiting tumor cell growth. 

Figure 5 is a linegraph comparing % cell survival, 
depicted on the Y-axis, at various concentrations of CPT- 
11, 

30 depicted on the X-axis. Control Cos7 cells (filled squares) 
are approximately 350-fold more sensitive to CPT-11 
than Cos7 

cell transfected with CE (filled triangles) . 

Figure 8 provides the chemical structures of CPT-11, 

APC 

and SN 

Figure 9A. 9B, and 9C are linegraphs showing the 

responses of mice bearing Rh30 and RhHpIRESI . bbit rhabdosarcoma 

xenografts to CPT-11 treatment. Each line on each 

graph shows 

the growth of an individual tumor. The tumor growth rate is 
depicted on the Y-axis. 

depicts cells expressing rabbit CE (RhHpIRESabbit ) 
not treated with CPT Figure 9B depicts cells expressing 
rabbit CE (RhHpIRES, abbit ) and then treated with CPT- 
11 and 

shows complete tumor regression, even out to 12 weeks. Figure 
9C depicts control cells (Rh30) exposed to CPT-11 
and shows 

initial regression but regrowth. 

Figure 10 is a linegraph showing the effects of CPT-11 
treatment on U373 glioblastoma xenografts expressing rabbit 
CE. Mice bearing xenografts were treated with CPT-11 
(7.5 

mg/kg for 5 days) for three treatment cycles. The tumor 
growth rate is depicted on the Y-axis in terms of tumor. 

Detailed Descri-ption of the Invention 

CPT-11 is a promising anti-cancer prodrug, that when 
given to patients, is converted to its active metabolite SN-38 
by a human carboxylesterase. However,. 

to compositions 

comprising a polynucleotide of the present invention which 
- 16 - 



have been found to be useful in sensitizing tumor cells to 

CPT-11 cytotoxicity by combination therapy of the 
prodrug and 

a CE enzyme. The present invention thus provides methods for 
sensitizing tumor cells to. . 

In addition, the rabbit CE demonstrated 

greater than 85% homology with human alveolar macrophage CE 
yet the latter enzyme failed to convert CPT-11 to 
SN-38 in 

mammalian cells. This indicates that while CEs may have a 
broad range of substrate specificities, the efficiency with 
which similar. 

the SV40 origin of replication allowing plasmid 
amplification in cells expressing the large T antigen, such 
as Cos7. The IC5. value for CPT-11 for cells 
expressing the 

CE was approximately B-80 fold, and most typically about 56 
fold, less than that of the parent cell line thus indicating 
35 that the enzyme has sensitized mammalian cells to CPT- 
11 (see 
Figure 5) . 

to 

sensitize the tumor cells to a chemotherapeutic prodrug. The 
ability of the combination of a rabbit CE of the present 
invention and CPT-11 to sensitize human tumor cells 
to CPT-11 

was examined. Experiments were first performed to confirm 
that the metabolite produced by the activity of a CE of the 
present invention is. 

to 5 units of CE that had 

been inactivated by heating produced no inhibition of cell 
growth. In contrast, reaction products of CPT-11 
incubated 

with 1 to 5 units of active CE produced a 30-60% inhibition 
of cell growth. These data are consistent with the conversion 
of CPT-11 to SN-38 by CE in these cells. 

The CE activity of extracts of the transfected cells was 
then determined. The IC511 values for CPT-11 in Rh30 
rhabdomyosarcoma cells that had been stably transfected with 
a rabbit liver CE cDNA of the present invention or the pIRES 
vector. . . alone were also determined. Cells transfected with the 
CE cDNA contained approximately 60-fold more CE activity than 
control cells. The IC50 Of CPT-11 for Rh30pIRES 
cells (no CE 

cDNA) was 4.33 X 10-6 M while the IC50 for the Rh30pIRES . , bbit 

cells was 5.76 X 10-7. . . M. Therefore, the transfected cells were 

more than 8-fold more sensitive to CPT These data are 

consistent with an increased conversion of CPT-11 to 

SN-38 in 

35 the cells transfected with a CE of the present invention. 
CE of the present 

5invention. These data confirm the unique ability of a CE of 
the present invention to activate the prodrug CPT-11 
, as well 

as to activate one of its metabolites. Further, experiments 
in U-373 cells that express a CE of the present invention 
showed. 



In vivo efficacy of the CE of the present invention to 



sensitize tumor cells to CPT-ll has also been 
demonstrated in 

two different types of tumor cells. Experiments conducted in 

a mouse model demonstrate that a CE of. . . for 

rabbit CE was maintained for at least 12 weeks. Importantly, 

tumors were advanced (greater than 1 CM3 in volume) before 

treatment with CPT-ll began. As depicted in Figure 

9B, tumors 

in mice expressing CE and treated with 2 . 5 mg CPT-ll 
/kg/day 

25 for five days each week for two weeks (one cycle of therapy) , 
repeated every 21 days for a total of three. . . not regrow during 
the 12 

weeks of the study. In contrast, tumors that did not express 
the CE regressed only transiently with CPT-ll 
treatment, with 

30 regrowth occurring within one week after CPT-ll 
treatment 

stopped (see Figure 9C) . 

In a second set of experiments, human U373 glioblastoma 
xenografts that express rabbit liver CE were shown to be more 
sensitive to CPT-ll than xenografts transfected with 
a control 

35 plasmid (no rabbit CE) . Xenografts established from cells 
- 22 

transfected with the plasmid encoding rabbit. 

Thus, these data support the use of the combination of 
polynucleotide encoding a CE of the present invention and CPT- 
ll to reduce the amount of CPT-ll needed 
to produce inhibition 

of tumor cell growth, or to sensitize the tumor cells to CPT- 
ll. These data also support the use of the present invention 
10 to allow for decreased dosage with CPT-ll in 
cancer patients, 

thus reducing the likelihood of dose-limiting toxicity. 

promoter. The vectors can then be injected into the site of 
tumor removal along with systemic administration of a prodrug 
such as CPT-ll to inhibit the recurrence of tumors 
due to 

residual tumor cells present after surgical resection of a 
tumor . 

Another method for delivering CEs to selected tumor 
cells involves antibody direct enzyme prodrug 
therapy (ADEPT) 

a molecule such as rabbit 

liver CE. Cellular internalization of the complex and release 
of active CE would be achieved, leading to CPT-ll 
activation 

that is specific for cells expressing the marker antigen. 

25 Both the secreted and the endoplasmic reticulum-localized 
protein can convert CPT-ll to SN-38; therefore, the 
potential 

exists for a bystander effect from cells expressing the 
secreted enzyme. A similar bystander effect has been 
demonstrated. 

Extracellular activation of CPT-ll may result in 
more 

efficient eradication of MRD in that uninfected neighboring 



tumor cells would be killed by exogenously produced SN 

35 Gene therapy protocols with a secreted CE in combination with 

CPT-11 may therefore be more appropriate for the 
elimination 

of residual tumor tissue. Accordingly, in this embodiment, 
- 24 - 

it may be preferred. 

the plasma. Attachment of a CE of the present 
invention to the cell surface should result in local 
15 extracellular activation of CPT-11 to SN-38 and 
enhance local 

cell kill. Purging bone marrow of contaminating tumor cells 
will be accomplished by an intracellular enzyme, whereas 
eradication of MRD is better achieved by an enzyme that 
activates CPT-11 at an extracellular location. 

CEs of the pre.sent invention cleave the COOC bond 
present as an ester linkage in CPT-11 to generate 
SN-38 (see 

Figure 8) . Since this enzyme may also catalyze the activation 
of other compounds that contain such a linkage, . 

EXAMPLES 

Example 1: Identification of CEs 

A CE enzyme suitable for converting CPT-11 to the 
active 

form, SN-38 was identified by testing a variety of samples. 
CEs were commercially 

available, several of these were also tested for their ability 
to metabolize CPT Both rabbit and pig liver CEs 
metabolized CPT-11 efficiently. The commercially 
available 

pig CE contained several proteins. However, the major bands 
were very similar in molecular weight and did not. 

activity of rabbit CE 

The in vitro activity of rabbit liver CE was examined 
in tumor cell lines. The growth inhibition of CPT-11 
was 

compared in cells with and without active rabbit CE . The 
cells used were Rh30 cells (lo f ) that had been electroporated 
with 20. 

In the first assay, CPT-11 was pre-incubated with 
rabbit 

liver CE to produce SN-38 prior to exposure of the cells to 
drug, specifically, 0.5 to 5 units of CE were incubated with 
1 yM CPT-11 at 370C in DMEM medium for 2 hours. Each 
reaction 

mixture was then filter-sterilized and Rh3o cells were exposed 
to drug for. . . was replaced 

with drug-free medium containing serum. Enzyme that had been 
inactivated by boiling for five minutes prior to incubation 
with drug or CPT-11 to which no enzyme had been 
added were 

used as negative controls. Cells were allowed to grow for 3 
cell doubling times. 

the conversion of o-nitrophenyl acetate to 

o-nitrophenol . Further, the Rh30pIRES cells transfected with 
rabbit CE were greater than 8-fold more sensitive to CPT- 
11 

than controls, as shown by a decrease in the IC, , values. 



Therefore, Rh30 cells stably transfected with rabbit CE were 
more sensitive to growth inhibition by CPT-11 than 
cells that 

did not contain the cDNA for rabbit CE. 
- 30 - 

Example 5: Rabbit CE activates APC, a novel prodrug 
In addition to efficiently converting CPT-11 to the 
active compound SN-38, experiments were also performed 
demonstrating the ability of rabbit liver CE to convert the 
5inactive metabolic end product. 

in the prevention of MRD. In this model, 

treatment of immune-deprived mice, i.e., SCID.mice, bearing 
human NB-1691 xenografts with 10 mg/kg CPT-11 daily 
for 5 days 

on two consecutive weeks results in complete regression of the 
tumor. However, within 4-6 weeks, tumors are palpable. 

identical fashion with Rh30 cells not 

transfected with the plasmid. When the tumors reached a size 
of approximately 1 cm 1 , 2 . 5 mg CPT-11 /kg/day was 
administered 

five days each week for two weeks (one cycle of therapy) , 
repeated every 21 days for a total of three. 

In contrast, tumors not expressing the CE regressed only 
transiently, , regrowing within one week after CPT-11 
treatment 

had stopped (Figure 9C) . 

Cells were injected subcutaneously into the flanks of the SCID 
mice. When tumors reached approximately 1 CM3 in size, CPT- 
11 

was administered daily for five days each week as described 
above, for three cycles, at a dose of 7 . 5 mg/kg/day. 

implantation in this model during the 4 to 
week period when tumors are not present, followed by 
treatment with low doses of CPT-11, also 
demonstrates the 

effectiveness of the virus at preventing MRD. Typically, 

5 since tumor regression is complete 3 weeks after commencing 

treatment with CPT-11, adenovirus/drug 

administration begins 

at week 4. In initial experiments, adenovirus is administered 
on Monday, Wednesday, Friday and CPT-11 is given 
daily on 

Tuesday through Saturday for two cycles. This permits 
determination of the most tolerated, effective schedule and 
dosage of adenovirus and CPT-11 administration to 
produce the 

longest delay of recurrent disease. These results are used 
to determine correct dosage for treatment of human MRD. . 

bone marrow of these 

same animals contains neuroblastoma cells. The success of ex 
vivo purging of bone marrow with the rabbit liver CE/CPT- 
11 

combination is demonstrated by transplanting purged bone 
marrow into lethally irradiated mice. If mice remain disease 
free for extended periods of time, this. . . 
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Example 8: Treatment of Minimal Residual Disease (MRD) in 
humans 

The rabbit CE in combination with CPT-11 or other 

prodrugs activated by 'this enzyme is used to purge bone marrow 

5of residual tumor cells prior to autologous bone marrow 

transplants. 

Nature Med. 3:639-645). CPT-11 is administered over 
the next 

one to six weeks to elicit tumor selective cell kill. Doses 
20 and schedules of CPT-11 are determined in 
clinical trials of 

CPT-11 by itself and in human xenograft model 
systems to 

produce maximal tumor effect. 

majority of hematopoietic progenitor cells. Two days 
- 34 - 

following adenoviral transduction, cells are exposed for two 

hours to a range of CPT-11 concentrations, usually 

varying 

from 50 nM to 100 pM. Two days after exposure to drug, the 
marrow sample is harvested and stored. 

CLMEN 13 The method of claim 12 wherein the chemotherapeutic 
prodrug is selected from a group consisting of CPT-11 
and APC. 

15 The method of claim 14 wherein the chemotherapeutic 
prodrug is selected from a group consisting of CPT-11 
and APC. 
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